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Description 

This invention relates to a catheter, for example, a 
catheter to be inserted into a blood vessel such as a 
catheter for angiography or a catheter for dilating a 5 
blood vessel. 

A catheter for angiography to be inserted into a 
blood vessel consisting of a main body formed of a 
somewhat soft thermoplastic resin and a rigidity impart- 
ing member consisting of a metallic braided wire (gener- 
ally a stainless-steel wire) and disposed around the 
main body which is for inhibiting kinking or squash of the 
catheter while maintaining its high flexibility and for 
improving the torque transmission efficiency has con- 
ventionally been designed. 

A catheter equipped with an inflatable member for 
dilating a stenosis portion in a blood vessel to improve 
the blood flow on the peripheral side of the stenosis por- 
tion which is for use in curing the stenosis portion is dis- 
closed in EPA No. 349640 for example. This catheter 
comprises an inner tube made of a flexible synthetic 
resin, an outer tube made of a flexible synthetic resin 
and disposed coaxially with the inner tube and a folda- 
ble and inflatable member having a proximal end portion 
attached to the outer tube and a distal portion attached 
to the inner tube, and besides, the inner or outer tube is 
provided with a rigidity imparting member consisting of 
a metallic wire (e.g., a stainless-steel wire). 

The rigidity imparting member used in the above 
catheter can inhibit its kinking or squash and improve its 
torque transmission efficiency to some extent. However, 
the catheter as a whole had low rigidity and particularly 
had a low efficiency of transmitting the pushing force 
given at its proximal end (pushability) and only an insuf- 
ficient torque transmission efficiency. 

Catheters are required to be introduced into periph- 
eral blood vessels. Catheters which can be introduced 
into a more peripheral blood vessel have now become 
more and more desirable. 

However, the above catheter, whose body portion 
consists of a synthetic resin tube, needs to have a cer- 
tain wall thickness and therefore necessarily has a large 
outer diameter. Accordingly, the blood vessel into which 
the catheter can be introduced is restricted by its outer 
diameter and the catheter could only be introduced into 
a blood vessel sufficiently larger than the outer diameter 
of the catheter. 

WO-A-8908473. (Boston Scientific), discloses a 
catheter provided with a metallic tube ending up near 
the distal portion of the catheter body and cooperating 
with a guide wire during bending of the catheter. Fur- 
thermore, the catheter comprises an helical wire coil 
cooperating with the metallic tube and the guide wire. 

The object of the present invention is to provide a 
novel and improved catheter of the design that has a 
high efficiency of transmitting the pushing force given at 
its proximal end (pushability) and a high torque trans- 
mission efficiency and furthermore can be made to 
have a sufficiently thin wall thickness and a smaller 


diameter. 

As claimed, the catheter of the invention comprises 
a body portion having a metallic tube covered with a 
synthetic resin tube, a distal portion and an internal 
lumen. 

According to the invention, the metallic tube is 
made of a super-elastic alloy and extends from a proxi- 
mal end of said body portion to a distal end of said body 
portion. Furthermore, the synthetic resin tube covers 
the entire outer surface of the super-elastic alloy tube 
and protrudes from the distal tip of the super-elastic 
alloy tube to form the distal portion of the catheter. 

As also claimed, the catheter of the invention in a 
further embodiment comprises a body portion having a 
metallic tube covered with a synthetic resin layer, a dis- 
tal portion and an internal lumen. 

According to this embodiment of the invention, the 
metallic tube is made of super-elastic alloy and has a 
distal portion which is more flexible than another portion 
thereof, the more flexible portion of the super-elastic 
alloy tube corresponds to the distal portion of the cathe- 
ter and the synthetic resin layer covers the outer surface 
of the entire super-elastic alloy tube. 

The invention will now be described on hand of sev- 
eral non limitative examples illustrated on the annexed 
drawings. 

Fig.1 is a partial longitudinal cross section of a cath- 
eter according to one preferred embodiment of the 
present invention. 

Fig.2 is a partial longitudinal cross section of a cath- 
eter according to another preferred embodiment of the 
present invention. 

Fig.3 is a partial longitudinal cross section of a cath- 
eter according to another preferred embodiment of the 
present invention. 

Fig.4 is a partial longitudinal cross section of a cath- 
eter according to another preferred embodiment of the 
present invention. 

Fig.5 is a view of a catheter according to the 
present invention having a hub fixed to its proximal end. 

The catheter generally designated at 1 according to 
the present invention comprises a body portion 4a, a 
distal portion 4b and an internal lumen 6 at least the 
body portion 4a including a metallic tube 2 made of a 
super-elastic alloy. 

Therefore, the catheter of the present invention has 
a high efficiency of transmitting the pushing force given 
at its proximal end (pushability) and a high torque trans- 
mission efficiency and can have a sufficiently thin wall 
thickness and a smaller diameter. 

A catheter according to one preferred embodiment 
of the present invention shown in Fig.1 and Fig.5 will be 
described in the following. 

The catheter 1 of this preferred embodiment is an 
example of use of the present invention for angiography 
and comprises a body portion 4a, a distal portion 4b, a 
lumen 6 continuous from the proximal end of the cathe- 
ter 1 to its distal end, a tip end opening 5 and a hub 7 
fixed to the proximal end. 


15 


20 


25 


30 


35 


40 


45 


50 


2 


3 


EP0 437 795 B1 


4 


The body portion 4a comprises a metallic tube 2 
and a synthetic resin tube 3 covering the outer surface 
of the metallic tube 2, and the synthetic resin tube 3 pro- 
trudes from the distal portion of the metallic tube 2 to 
form the distal portion 4b of the catheter. 

The metallic tube 2 is formed of super-elastic alloys, 
for example, Ti-Ni alloys containing 49 ~ 58 atom% of 
Ni, Cu-Zn alloys containing 38.5 ~ 41 .5 % by weight of 
Zn, Cu-Zn- X alloys containing 1 ~ 10 % by weight of X 
wherein X is selected from the group consisting of Be, 
Si, Sn. Al and Ga and Ni-AI alloys containing 36 ~ 38 
atom% of Al. The most preferred alloys are Ti-Ni alloys 
of the above composition. The super-elastic metallic 
tube 2 preferably has an outer diameter of 0.3 ~ 6.0 
mm, more preferably 0.4 ~ 5.5 mm and a wall thickness 
of 40 ~ 200 ^m, more preferably 50 - 1 50 ^m. It prefer- 
ably has a length of 500 ~ 4,000 mm, more preferably 
800 ~ 3,000 mm, a buckling strength (yield stress under 
load) of 5 ~ 200 kg/mm 2 at 22°C. more preferably 8 - 
180 kg/mm 2 at 22°C. and a restoring stress (yield stress 
upon unloading) of 3 ~ 180 kg/mm 2 at 22°C, more pref- 
erably 5-160 kg/mm 2 at 22°C. it is preferable that the 
tip of the super-elastic metallic tube 2 be tapered as 
shown in Fig. 1 in order to prevent the tip from being sep- 
arated from the synthetic resin tube 3. It is not neces- 
sary that the super-elastic metallic tube have the above 
outer diameter over its entire length and it is allowed to 
make it only partly with the above outer diameter. 

As shown in Fig.1 , the synthetic resin tube 3 covers 
the outer surface of the entire super-elastic alloy tube 2 
and protrudes from the distal portion of the super-elastic 
alloy tube 2 to form the distal portion 4b of the curved 
catheter. This enables the catheter 1 of this example to 
' have a flexible distal portion 4b. The curved portion has 
a shape suitable for the predetermined blood vessel into 
which the catheter is to be inserted. 

For the synthetic resin tube 3, thermoplastic resins 
such as polyolefin elastomer (e.g., polyethylene elas- 
tomer, polypropylene elastomer and ethylene-propylene 
copolymer elastomer), polyvinyl chloride, ethylene-vinyl 
acetate copolymer, polyamide elastomer, polyurethane 
and fluorine resin and silicone rubber can be used. It is 
preferred to use polyamide elastomer or polyurethane. 
It is preferable that the synthetic resin tube 3 be suffi- 
ciently flexible to allow free kinking of the super-elastic 
alloy tube 2. In addition, it is preferred to incorporate a 
radiopaque substance into the synthetic resin to form 
the tube 3 because it becomes more easy to locate the 
catheter 1 during its introduction into the blood vessel. 
The radiographically sensitive substance may be a 
metal such as Ba, W, Bi, or a compound thereof in fine 
powdery form. The synthetic resin tube 3 has preferably 
an outer diameter of the 0.9 ~ 7.0 mm, more preferably 
1 .0 ~ 6.0 mm and a wall thickness on the outer surface 
of the super-elastic alloy tube 2 of 0.04 ~ 0.3 mm, more 
preferably 0.06 ~ 0.2 mm. 

The outer surface of the synthetic resin tube 3 may 
be coated with a biocompatible especially antithrom- 
botic resin such as polyhydroxyethyl methacrylate, or 


hydroxyethyl methacrylate-styrene copolymer (e.g., a 
HEMA-St-HEMA block copolymer). Particularly, when a 
material containing a radiopaque substance is used for 
the synthetic resin tube 3, it is preferred to perform the 

5 above coating in order to remove the roughness of the 
outer surface due to the radiopaque substance. 
Although it is preferable that the resin be a biocompati- 
ble one, a thin coating of the material used to form the 
synthetic resin tube 3 is also allowed. 

10 It is preferred to apply hydrophilic treatment to the 
outer surface of the synthetic resin tube 3 in order to 
make it exhibit lubricity when contacted with blood or the 
like. Such hydrophilic treatments include coating with 
hydrophilic polymer such as poly(2-hydroxyethyl meth- 

15 acrylate), polyhydroxyethyl acrylate, hydroxypropyl cel- 
lulose, methylvinyl ether-maleic anhydride copolymer, 
polyethylene glycol, polyacrylamide or polyvinyl pyrro- 
lidone. 

It is preferable that the tip of the catheter 1 (tip of the 
20 synthetic resin tube 3) have a curved surface such as a 
semi- spherical surface as shown in Fig.1 in order to 
prevent any damage to the blood vessel wall and to 
improve the operability of the catheter 1. 

The hub is fixed to the proximal end of the body por- 
25 tion 4a shown in Fig.5. The hub 7 has an opening 8 
communicating with the lumen 6 and constituting an 
injection port for injecting X-ray contrast medium. 

The hub 7 is preferably formed of thermoplastic res- 
ins, for example, polycarbonate, polyamide, polysulf ine, 
30 polyallylate and methacrylate-butylene-styrene copoly- 
mer. Instead of providing such hub. an open end of the 
proximal end of the body portion may constitutes an 
injection port. 

Next, a catheter according to one preferred embod- 
35 iment of the present invention shown in Fig.2 will be 
described. 

The catheter 1 of this preferred embodiment is an 
example of use of the present invention for angiography. 
This catheter comprises a body portion 4a, a distal por- 

40 tion 4b, a lumen 6 continuous from the proximal end of 
the catheter 1 to its distal tip, a tip end opening 5 and a 
hub (not shown). The body portion 4a and the distal por- 
tion 4b consist of a super-elastic alloy tube 2 and a syn- 
thetic resin layer 3 covering the outer surface of the tube 

45 2. 

Those materials described above can suitably be 
used for the super-elastic alloy tube 2. The part of the 
tube 2 corresponding to the body portion 4a is highly 
rigid and the part of the tube 2 corresponding to the dis- 

50 tal portion 4b is more flexible than another portion of 
tube 2. Such a super-elastic alloy tube can be formed by 
separately thermally treating the body portion of the 
super-elastic alloy tube 2 and its distal portion under dif- 
ferent conditions so that the body portion has a large 

55 yield stress and the distal portion has a small yield 
stress and is elastic. 

As shown in Fig.3, the outer surface of the distal 
portion of the super-elastic alloy tube 2 may be provided 
with annular grooves in order to make the distal portion 
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elastic. The groove shape is not restricted to annular 
one and it may be a spiral one. As shown in Fig. 4, the 
distal portion of the super-elastic alloy tube 2 may have 
a smaller diameter. As shown in Fig. 2, the synthetic 
resin layer 3 covers the outer surface of the entire 
super-elastic alloy tube 2. For the synthetic resin layer 3, 
thermoplastic resins such as polyolefin (e.g., polyethyl- 
ene, polypropylene and ethylene-propylene copolymer), 
polyvinyl chloride, ethylene-vinyl acetate copolymer, 
polyamide elastomer, polyurethane, fluorine resin and 
silicone rubber can be used. It is preferred to use a poly- 
olefin, a polyamide elastomer or a polyurethane. 

It is preferable that the synthetic resin layer 3 be 
sufficiently flexible to allow free kinking of the super- 
elastic metallic tube 2. In addition, it is preferred to 
incorporate a radiopaque substance into the synthetic 
resin layer 3 because it becomes more easy to locate 
the catheter 1 during its introduction into the blood ves- 
sel. The radiographically sensitive substance may be a 
metal such as Ba, W, Bi or a compound thereof in find 
powdery form. 

The synthetic resin layer 3 preferably has an outer 
diameter of 0.9 ~ 7.0 mm, more preferably 1 .0 - 6.0 mm 
and a wall thickness on the outer surface of the super- 
elastic metallic tube 2 of 0.04 - 0.3 mm, more preferably 

0. 06 ~ 0.2 mm. It is preferable that the tip of the catheter 
(tip of the synthetic resin layer 3) has a curved surface 
such as a semi-spherical surface in order to prevent any 
damage to the blood vessel wall and to improve the 
operability of the catheter 1 . As mentioned above, the 
synthetic resin layer 3 may be coated with an antithrom- 
botic resin and hydrophilic treatment may be applied to 
the outer surface of the layer 3 so as to make it exhibit 
lubricity. 

The hub is similarly shown in Fig.5 fixed to a proxi- 
mal end of the body portion 4a. The hub has an opening 
communication with the lumen 6 and constituting an 
injection port for injecting X-ray contrast medium. 

Since the catheter of the present invention com- 
prises a body portion, a leading edge and an internal 
lumen and at least the above body portion includes a 
super-elastic alloy tube, the catheter of the present 
invention has a high efficiency of transmitting the push- 
ing force given at its proximal end (pushability) and has 
a high torque transmission efficiency. Furthermore, 
since the body portion of the catheter includes a super- 
elastic alloy tube, the wall thickness of the body portion 
can be made sufficiently thin and a catheter with a 
smaller diameter can be formed. 

Claims 

1 . A catheter comprising a body portion (4a) having a 
metallic tube (2) covered with a synthetic resin tube 
(3). a distal portion (4b) and an internal lumen (6), 
characterized in that said metallic tube (2) is made 
of a super-elastic alloy and extends from a proximal 
end of said body portion (4a) to a distal end of said 
body portion (4a), the synthetic resin tube (3) cov- 


ering the entire outer surface of the super-elastic 
alloy tube and protruding from the distal tip of the 
super-elastic alloy tube to form the distal portion 
(4b) of the catheter. 

5 

2. A catheter comprising a body portion (4a) having a 
metallic tube (2) covered with a synthetic resin layer 
(3), a distal portion (4b) and an internal lumen (6), 
characterized in that said metallic tube (2) is made 

10 of super-elastic alloy and has a distal portion which 
is more flexible than another portion thereof, the 
more flexible portion of the super-elastic alloy tube 
corresponding to the distal portion (4b) of the cath- 
eter the synthetic resin layer (3) covering the outer 

15 surface of the entire super-elastic alloy tube (2) . 

3. A catheter as set forth in claim 1 wherein the outer 
surface of the synthetic resin tube (3) has been 
submitted to an hydrophilic treatment enhancing 

20 the lubricity of said surface. 

4. A catheter as set forth in claims 2 or 3 wherein said 
distal portion of said super-elastic alloy tube is pro- 
vided with annular grooves or with a spiral groove. 

25 

5. A catheter as set forth in a claims 2 or 3 wherein 
said distal portion of said super-elastic alloy tube 
has a smaller diameter than the other portion of the 
super-elastic alloy tube. 

30 

Patentanspriiche 

1. Katheter, umfassend einen KOrperabschnitt (4a), 
der einen metallischen Schlauch (2), der mit einem 

35 Kunstharzschlauch (3) bedeckt ist, einen distalen 
Abschnitt (4b) und ein inneres Lumen (6) hat, 
dadurch gekennzeichnet, daB der metallische 
Schlauch (2) aus einer superelasitschen Legierung 
hergestelft ist und sich von einem proximalen Ende 

40 des Kfirperabschnitts (4a) zu einem distalen Ende 
des KOrperabschnitts (4a) erstreckt, der Kunstharz- 
schlauch (3) die gesamte auGere Oberfiache des 
Schlauches aus einer superelastischen Legierung 
bedeckt und uber die distale Spitze des Schlauches 

45 aus einer superelastischen Legierung hinausragt, 
urn den distalen Abschnitt (4b) des Katheters zu bil- 
den. 

2. Katheter, umfassend einen KOrperabschnitt (4a), 
so der einen metallischen Schlauch (2), der mit einem 

Kunstharzschlauch (3) bedeckt ist, einen distalen 
Abschnitt (4b) und ein inneres Lumen (6) hat, 
dadurch gekennzeichnet, daG der metallische 
Schlauch (2) aus einer superelasitschen Legierung 
55 hergestellt ist und einen distalen Abschnitt hat, der 
flexibler ist als ein anderer Abschnitt desselben, 
wobei der f lexiblere Abschnitt des Schlauches aus 
einer superelastischen Legierung dem distalen 
Abschnitt (4b) des Katheters entspricht, wobei die 
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Kunstharzschicht (3) die auBere Oberflache des 
gesamten Schlauches (2) aus einer superelasti- 
schen Legierung bedeckt. 

3. Katheter nach Anspruch 1 , bei welchem die auBere 5 
Oberflache des Kunstharzschlauches (3) einer 
hydrophilen Behandlung unterzogen wurde, die die 
Schmierfahigkeit der Oberflache verbessert 

4. Katheter nach Anspruch 2 Oder 3, bei welchem der 10 
distale Abschnitt des Schlauches aus einer super- 
elastischen Legierung mit ringfOrmigen Nuten oder 
einer Spiralnut versehen ist 

5. Katheter nach Anspruch 2 oder 3, bei welchem der 15 
distale Abschnitt des Schlauches aus einer super- 
elastischen Legierung einen Weineren Durchmes- 
ser hat als der ubrige Abschnitt des Schlauches 
aus einer superelastischen Legierung. 

20 

Revendications 

1. Catheter comprenant une partie corps (4a) faite 
d'un tube m&allique (2) recouvert d'un tube (3) en 
r£sine de synthese, une partie distale (4b) et une 25 
lumiere interieure (6), caracterise en ce que ledit 
tube metallique (2) est fait d'un alliage superglasti- 
que et s'etend de I'extremite proximate de ladite 
partie corps (4a) a I'extremite distale de ladite par- 
tie corps (4a), le tube (3) en resine de synthese 30 
recouvrant toute la surface ext6rieure du tube en 
alliage superelastique et depassaut de I'extremite 
distale du tube en alliage superelastique pour for- 
mer la partie distale (4b) du catheter. 

35 

2. Catheter comprenant une partie corps (4a) faite 
d'un tube metallique (2) recouvert d'une couche (3) 
de rgsine de synthese, une partie distale (4b) et 
une lumiere interieure (6), caracterise en ce que 
ledit tube metallique (2) est fait d'un alliage supere- 40 
lastique et comporte une partie distale qui est plus 
flexible que son autre partie, la partie plus flexible 

du tube en alliage superelastique correspondant a 
la partie distale (4b) du catheter et la couche (3) de 
r6sine de synthese recouvrant la surface exterieure 45 
de tout le tube (2) en alliage superelastique. 

3. Catheter selon la revendication 1, dans lequel la 
surface exterieure du tube (3) en r6sine de syn- 
these a ete soumise a un traitement hydrophile so 
ameliorant le caractere glissant de ladite surface. 

4. Catheter selon la revendication 2 ou 3. dans lequel 
ladite partie distale dudit tube en alliage superelas- 
tique est dotee de rainures annulaires ou d'une rai- 55 
nure en spirale. 

5. Catheter selon la revendication 2 ou 3, dans lequel 
ladite partie distale dudit tube en alliage superelas- 


tique a un diametre plus petit que I'autre partie du 
tube en alliage superelastique. 
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© Catheter having a super-elastic metallic tube body. 


® The catheter of the present invention comprises 
a body portion (4a) f a distal portion (46) and an 
internal lumen (6) and at least the above body por- 
tion includes a super-elastic metallic tube (2). This 
catheter has a high efficiency of transmitting the 
pushing force given at its proximal end (pushability) 


and a high torque transmission efficiency. Further- 
more, since the body portion of the catheter includes 
a super-elastic metallic tube, the wall thickness of 
the body portion can be made sufficiently thin and a 
catheter with a smaller diameter can be formed. 
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CATHETER 


BACKGROUND OF THE INVENTION 

This invention relates to a catheter, for exam- 
ple, a catheter to be inserted into a blood vessel 
such as a catheter for angiography or a catheter for 
dilating a blood vessel. 

A catheter for angiography to be inserted into a 
blood vessel consisting of a main body formed of a 
somewhat soft thermoplastic resin and a rigidity 
imparting member consisting of a metallic braided 
wire (generally a stainless-steel wire) and disposed 
around the main body which is for inhibiting kinking 
or squash of the catheter while maintaining its high 
flexibility and for improving the torque transmission 
efficiency has conventionally been designed. 

A catheter equipped with an inflatable member 
for dilating a stenosis portion in a blood vessel to 
improve the blood flow on the peripheral side of 
the stenosis portion which is for use in curing the 
stenosis portion is disclosed in EPA No. 349640 for 
example. This catheter comprises an inner tube 
made of a flexible synthetic resin, an outer tube 
made of a flexible synthetic resin and disposed 
coaxially with the inner tube and a foldable and 
inflatable member having a proximal end portion 
attached to the outer tube and a distal portion 
attached to the inner tube, and besides, the inner 
or outer tube is provided with a rigidity imparting 
member consisting of a metallic wire (e.g., a 
stain iess-steel wire). 

The rigidity imparting member used in the 
above catheter can inhibit its kinking or squash and 
improve its torque transmission efficiency to some 
extent. However, the catheter as a whole had low 
rigidity and particularly had a low efficiency of 
transmitting the pushing force given at its proximal 
end (pushability) and only an insufficient torque 
transmission efficiency. 

Catheters are required to be introduced into 
peripheral blood vessels year by year, catheters 
which can be introduced into a more peripheral 
blood vessel has come to be desired. 

However, the above catheter, whose body por- 
tion consists of a synthetic resin tube, needs to 
have a certain wall thickness and therefore nec- 
essarily has a large outer diameter. Accordingly, 
the blood vessel into which the catheter can be 
introduced is restricted by its outer diameter and 
the catheter could only be introduced into a blood 
vessel sufficiently larger than the outer diameter of 
the catheter. 

SUMMARY OF THE INVENTION 

The object of the present invention is to pro- 


vide a novel and improved catheter of the design 
that has a high efficiency of transmitting the push- 
ing force given at its proximal end (pushability) and 
a high torque transmission efficiency and further- 

5 more can be made to have a sufficiently thin wall 
thickness and a smaller diameter. 

According to the present invention, there is 
provided a catheter comprising a body portion, a 
distal portion and an internal lumen and at least the 

10 body portion includes a super-elastic metallic tube. 
According to the present invention, there is 
provided a catheter equipped with an inflating 
member which comprises a body portion which 
forms an internal lumen and includes a super- 

T5 elastic metallic tube having openings in a distal 
portion; a guide portion for guiding the catheter 
which is attached to distal portion of said body 
portion; and a debatable or foldable inflating mem- 
ber which has a tip portion attached to the guide 

20 portion or the distal portion of the above body 
portion and a rear end portion attached to the body 
portion and communicates with the lumen through 
the above openings. 

According to the present invention, there is 

25 provided a catheter comprising an inner tube which 
has a body portion, a distal portion and a first 
lumen whose tip is open; an outer tube which is 
disposed coaxially with said inner tube, has a body 
portion, a distal portion and a distal tip recessed by 

so a predetermined distance from a distal tip of the 
inner tube and forming a second lumen between an 
inner surface of said outer tube and an outer sur- 
face of said inner tube; a deflatable or foldable and 
inflatable member which has a tip portion attached 

35 to the inner tube and a rear end portion attached to 
the outer tube and communicates with the second 
lumen near said rear end portion; a first opening 
disposed at the proximal portion of said inner tube 
and communicating with the first lumen; and a 

40 second opening disposed at the proximal portion of 
the the outer tube and communicating with the 
second lumen, wherein at least one of the body 
portions of the inner and outer tubes includes a 
super-elastic metallic tube. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is a partial longitudinal cross section of a 
catheter according to one preferred embodiment of 
so the present invention. 

Fig.2 is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
ment of the present invention. 

Fig.3 is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
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ment of the present invention. 

Fig.4 Is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
ment of the present invention. 

Fig.5 is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
ment of the present invention. 

Rg.6 is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
ment of the present invention. 

Fig.7 is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
ment of the present invention. 

Fig.8 is a partial longitudinal cross section of a 
catheter according to another preferred embodi- 
ment of the present invention. 

Fig.9 is a view showing the proximal end of a 
catheter according to one preferred embodiment of 
the present invention. 

Fig. 10 is a view of a catheter according to 
another preferred embodiment of the present in- 
vention. 

DETAILED DESCRIPTION 

The catheter of the present invention will be 
described according to examples shown in the 
drawings. 

The catheter generally designated at 1 accord- 
ing to the present invention comprises a body 
portion 4a, a distal portion 4b and an internal lumen 
6 and at least the body portion 4a includes a 
super-elastic metallic tube 2. 

Therefore, the catheter of the present invention 
has a high efficiency of transmitting the pushing 
force given at its proximal end (pushability) and a 
high torque transmission efficiency and can be 
made to have a sufficiently thin wall thickness and 
a smaller diameter. 

A catheter according to one preferred embodi- 
ment of the present invention shown in Fig.1 and 
Fig.10 will be described in the following. 

The catheter 1 of this preferred embodiment is 
an example wherein the catheter of the present 
invention is applied to a catheter for angiography 
and comprises a body portion 4a, a distal portion 
4b, a lumen 6 continuous from the proximal end of 
the catheter 1 to its distal end, a tip end opening 5 
and a hub 7 fixed to the proximal end. 

The body portion 4a comprises a super-elastic 
metallic tube 2 and a synthetic resin tube 3 cover- 
ing the outer surface of the super-elastic metallic 
tube 2, and the synthetic resin tube 3 protrudes 
from the distal portion of the super-elastic metallic 
tube 2 to form the distal portion 4b of the catheter. 

The super-elastic metallic tube 2 is preferably 
formed of super-elastic alloys, for example, Ti-Ni 
alloys containing 49 ~ 58 atom% of Ni, Cu-Zn 


alloys containing 38.5 ~ 41 .5 % by weight of Zn, 
Cu-Zn-X alloys containing 1 ~10 % by weight of X 
wherein X is selected from the group consisting of 
Be, Si, Sn, Al and Ga and Ni-AI alloys containing 

5 36 ~ 38 atom% of Al. The most preferred alloys 
are Ti-Ni alloys of the above composition. The 
super-elastic metallic tube 2 preferably has an out- 
er diameter of 0.3 ~ 6.0 mm, more preferably 0.4 ~ 
5.5 mm and a wall thickness of 40 ~ 200 /*m, more 

70 preferably 50 " 150 ^m. It preferably has a length 
of 500 ~ 4,000 mm, more preferably 800 " 3,000 
mm, a buckling strength (yield stress under load) 
of 5 ~ 200 kg/mm 2 at 22 *C, more preferably 8 ~ 
180 kg/mm 2 at 22* C, and a restoring stress (yield 

75 stress upon unloading) of 3 " 180 kg/mm 2 at 22* C, 
more preferably 5 ~ 160 kg/mm 2 at 22° C. It is 
preferable that the tip of the super-elasticmetallic 
tube 2 be tapered as shown in Fig.1 in order to 
prevent the tip from being separated from the 

20 synthetic resin tube 3. It is not necessary that the 
super-elastic metallic tube have the above outer 
diameter over its entire length and it is allowed to 
make its part to have the above outer diameter. 
As shown in Fig.1, it is preferable that the 

25 synthetic resin tube 3 cover the entirety of the 
super-elastic metallic tube 2 and protrude from the 
distal portion of the super-elastic metallic tube 2 to 
form the distal portion 4b of the curved catheter. 
This enables the catheter 1 of this example to have 

30 a flexible distal portion 4b. The curved portion has 
a shape suitable for the predetermined blood ves- 
sel into which the catheter is to be inserted. 

For the synthetic resin tube 3, thermoplastic 
resins such as polyolefin elastomer (e.g., polyethyl- 

35 ene elastomer, polypropylene elastomer and 
ethylene-propylene copolymer elastomer), poly- 
vinyl chloride, ethylene-vinyl acetate copolymer, 
polyamide elastomer, polyurethane and fluorine 
resin and silicone rubber can be used. It is pre- 

40 ferred to use polyamide elastomer or polyurethane. 
It is preferable that the synthetic resin tube 3 be 
sufficiently flexible to allow free kinking of the 
super-elastic metallic tube 2. In addition, it is pre- 
ferred to incorporate a radiopaque substance into 

45 the synthetic resin to form the tube 3 because it 
becomes more easy to locate the catheter 1 during 
its introduction into the blood vessel. The radiog- 
raphically sensitive substance may be a metal such 
as Ba, W, Bi or a compound thereof in fine pow- 

50 dery form. The synthetic resin tube 3 has prefer- 
ably an outer diameter of the 0.9 ~ 7.0 mm, more 
preferably 1.0 " 6.0 mm and a wall thickness on 
the outer surface of the super-elastic metallic tube 
2 of 0.04 ~ 0.3 mm, more preferably 0.06 ~ 0.2 

55 mm. 

The outer surface of the synthetic resin tube 3 
may be coated with a biocompatible especially 
antithrombotic resin such as polyhydroxyethyl 
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methacrylate, or hydroxyethyl methacrylate-styrene 
copolymer (e.g., a HEMA-St-HEMA block 
copolymer). Particularly, when a material containing 
a radiopaque substance is used for the synthetic 
resin tube 3, it is preferred to perform the above 
coating in order to remove the roughness of the 
outer surface due to the radiopaque substance. 
Although it is preferable that the resin be a biocom- 
patible one, a thin coating of the material used to 
form the synthetic resin tube 3 is also allowed. 

It is preferred to apply hydrophilic treatment to 
the outer surface of the synthetic resin tube 3 in 
order to make it exhibit lubricity when contacted 
with blood or the like. Such hydrophilic treatments 
include coating with hydrophilic polymer such as 
poly(2-hydroxyethyl methacrylate), polyhydrox- 
yethyl aery late, hydroxy propyl cellulose, methyl- 
vinyl ether-maleic anhydride copolymer, polyethyl- 
ene glycol, polyacrylamide or polyvinyl pyrrolidone. 

it is preferable that the tip of the catheter 1 (tip 
of the synthetic resin tube 3) have a curved surface 
such as a semi- spherical surface as shown in 
Fig.1 in order to prevent any damage to the blood 
vessel wall and to improve the operability of the 
catheter 1. 

The hub is fixed to the proximal end of the 
body portion 4a shown in Fig.10. The hub 7 has an 
opening 8 communicating with the lumen 6 and 
constituting an injection port for injecting X-ray 
contrast medium. 

The hub 7 is preferably formed of thermoplas- 
tic resins, for example, polycarbonate, polyamide, 
polysulfine, poiyallylate and methacrylate-butylene- 
styrene copolymer. Instead of providing such hub, 
an open end of the proximal end of the body 
portion may constitutes an injection port. 

Next, a catheter according to one preferred 
embodiment of the present invention shown in 
Fig.2 will be described. 

The catheter 1 of this preferred embodiment is 
an example wherein the catheter of the present 
invention is applied to a catheter for angiography. 
This catheter comprises a body portion 4a, a distal 
portiorr 4b, a lumen 6 continuous from the proximal 
end of the catheter 1 to its distal tip, a tip end 
opening 5 and a hub (not shown). The body portion 
4a and the distal portion 4b consist of a super- 
elastic metallic tube 2 and a synthetic resin layer 3 
covering the outer surface of the tube 2. 

Those described above can suitably be used 
for the super-elastic metallic tube 2. It is preferable 
that the part of the tube 2 corresponding to the 
body portion 4a be highly rigid and the part of the 
tube 2 corresponding to the distal portion 4b be 
more flexible than another portion of tube 2. Such a 
super-elastic metallic tube can be formed by sepa- 
rately thermally treating the body portion of the 
super-elastic metallic tube 2 and its distal portion 


under different conditions so that the body portion 
has a large yield stress and the distal portion has a 
small yield stress and is elastic. 

As shown in Fig.3, the outer surface of the 

5 distal portion of the super-elastic metallic tube 2 
may be provided with annular grooves in order to 
make distal portion elastic. The groove is not re- 
stricted to annular one and it may be a spiral one. 
As shown in Fig.4, the distal portion of the super- 

10 elastic metallic tube 2 may have a smaller diam- 
eter. As shown in Fig.2. the synthetic resin layer 3 
covers the entirety of the super-elastic metallic 
tube 2. For the synthetic resin layer 3, thermoplas- 
tic resins such as polyolefin (e.g., polyethylene, 

75 polypropylene and ethylene-propylene copolymer), 
polyvinyl chloride, ethylene-vinyl acetate 
copolymer, polyamide elastomer, polyurethane, flu- 
orine resin and silicone rubber can be used. It is 
preferred to use a polyolefin, a polyamide 

20 elastomer or a polyurethane. 

It is preferable that the synthetic resin layer 3 
be sufficiently flexible to allow free kinking of the 
super-elastic metallic tube 2. In addition, it is pre- 
ferred to incorporate a radiopaque substance into 

25 the synthetic resin to form the tube 3 because it 
becomes more easy to locate the catheter 1 during 
its introduction into the blood vessel. The radiog- 
raphically sensitive substance may be a metal such 
as Ba, W, Bi or a compound thereof in fine pow- 

30 dery form. 

The synthetic resin layer 1 preferably has an 
outer diameter of 0.9 " 7.0 mm, more preferably 
1.0 " 6.0 mm and a wall thickness on the outer 
surface of the super-elastic metallic tube 2 of 0.04 

35 ~ 0.3 mm, more preferably 0.06 ~ 0.2 mm. It is 
preferable that the tip of the catheter (tip of the 
synthetic resin tube 3) has a curved surface such 
as a semi-spherical surface in order to prevent any 
damage to the blood vessel wall and to improve 

40 the operability of the catheter 1. As mentioned 
above, the synthetic resin layer 3 may be coated 
with an antithrombotic resin and hydrophilic treat- 
ment may be applied to the outer surface of the 
layer 3 so as to make it exhibit lubricity. 

45 The hub is similarly shown in Fig.10 fixed to a 
proximal end of the body portion 4a. The hub has 
an opening communication with the lumen 6 and 
constituting an injection port for injecting X-ray 
contrast medium. 

so Next, an example wherein the catheter of the 
present invention is applied to a catheter for dilat- 
ing a blood vessel shown in Fig.5 will described. 

The catheter 20 comprises a body portion 24 
which forms an internal lumen 26 and includes a 

55 super-elastic metallic tube 22 having openings 30 
in its distal portion; a guide portion 29 for guiding 
the catheter fixed to the tip of the body portion 24; 
and a deflatable or foldable and inflatable member 
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28 having a rear distal portion attached to the 
guide portion 29 and a proximal end portion at- 
tached to the body portion 24 and which commu- 
nicates with the lumen 26 through the preforation 
30; and a hub (not shown) fixed the proximal end 
of the body portion 24. 

The body portion 24 comprises the super-elas- 
tic metallic tube 22 and a synthetic resin layer 23 
covering the outer surface of the tube 22. Although 
the synthetic resin layer 23 should not necessarily 
be provided, it is preferably provided in order to 
inhibit the adhesion of blood to the surface of the 
super-elastic metallic tube 22 and to facilitate the 
fixation of the inflatable member to be mentioned 
later. 

The super-elastic metallic tube 22 is preferably 
formed of super-elastic alloys, for example, such as 
Ti-Ni alloys containing 49 ~ 58 atom% of Ni, Cu-Zn 
alloys containing 38.5 ~ 41.5 % by weight of Zn, 
Cu-Zn-X alloys containing 1 ~ 10 % by weight of X 
wherein X is selected from the group consisting of 
Be, Si, Sn, Al and Ga, or Ni-AI alloys containing 36 
" 38 atom% of Al. The most preferred alloys are 
Ti-Ni alloys of the above composition. The super- 
elastic metallic tube 22 preferably has an outer 
diameter of 0.2 ~ 5 mm, more preferably 0.3 ~ 4 
mm and a wall thickness of 50 ~ 200 /im, more 
preferably 80 ~ 150 ^m. It preferably has a length 
of 500 " 4,000 mm, more preferably 1 ,000 ~ 3,000 
mm, a buckling strength (yield stress under load) 
of 5 ~ 200 kg/mm 2 at 22° C , more preferably 8 " 
150 kg/mm 2 at 22 "C , and a restoring stress (yield 
stress upon unloading) of 3 ~ 180 kg/mm 2 at 22° C 
, more preferably 5 " 130kg/mm 2 at 22° C . 

It is preferable that the distal portion of the 
super-elastic metallic tube 22 be tapered as shown 
in Fig.5. The distal portion of the super-elastic tube 

22 is provided with perforation 30. The synthetic 
resin layer 23 covers the entirety of the super- 
elastic metallic tube 22 without closing the perfora- 
tion 30. For the synthetic resin layer 23, thermo- 
plastic resin such as polyolefin (e.g., polyethylenes, 
polypropylene, ethylene-propylene copolymer), 
polyvinyl chloride, ethylene-vinyl acetate 
copolymer, polymide elastomer and poiyurethane, 
flourine resin and silicone rubber can be used. It is 
preferred to use polyolefin, polyamide elastomer or 
poiyurethane. 

It is preferable that the synthetic resin layer 23 
be sufficiently elastic to allow free bending of the 
super-elastic metallic tube 22. The synthetic resin 
layer 23 preferably has a wall thickness of 5 ~ 300 
pm, more preferably 10 ~ 200 ^m. 

The outer surface of the synthetic resin layer 

23 may be coated with a biocompatible especially 
antithrombotic resin such as a polyhydroxyethyl 
methacrylate or hydroxyethyl methacrylate-styrene 
copolymer (e.g., HEMA-St-HEMA block 


copolymer). 

In a catheter equipped with an inflatable mem- 
ber according to the present invention, it is pre- 
ferred for facilitating the insertion into a blood ves- 

5 sel and further into a guide catheter to apply hy- 
drophiiic treatment to the outer surfaces of the 
body portion 24 and the inflatable member 28 
which have the possibility of contacting with blood 
during use so as to make them exhibit lubricity 

70 when contacted with blood or the like. 

Such hydrophilic treatments include coating 
with hydrophilic polymers such as poly(2-hydrox- 
yethyl methacrylate), polyhydroxyethyl acrylate, 
hydroxypropyl cellulose, methylvinyl ether-maleic 

75 anhydride copolymer, polyethylene glycol, 
polyacrylamide or polyvinyl pyrrolidone. 

The guide portion 29 is fixed to the distal tip of 
the body portion 24. It functions as a guide wire for 
guiding the catheter 1 to a predetermined site in a 

20 blood vessel. As the guide portion 29, a member 
prepared by winding a thin metallic wire around a 
super-elastic or elastic metallic wire preferably a 
super-elastic metallic wire can be used for exam- 
ple. The guide portion 29 preferably has an outer 

25 diameter of 0.2 ~ 1.0 mm and a length of about 2 ~ 
150 mm. It preferably has a buckling strength 
(yield stress under load) of 5 200 kg/mm 2 at 
22* C , more preferably 8 ~ 150 kg/mm 2 at 22 °C , 
and a restoring stress (yield stress upon unloading) 

30 of 3 ~ 180 kg/mm 2 at 22° C , more preferably 5 " 
150 kg/mm 2 at 22° C. 

As shown in Fig.5, the guide portion 29 has at 
its rear end portion provided a flange which is 
inserted into the tip of the body portion 44 and 

35 fixed to it by soldering. A scale wax such as silver 
solder or gold solder can suitably be used as the 
solder. The guide portion 29 may be fixed to the 
distal tip of the body portion by caulking the tip 
after inserting the rear end portion of the guide 

40 portion 29 into the tip. 

The inflatable member 28 is defiatable or fol- 
dable and can be folded around the body portion 
24 and the guide portion 29. At least a part of the 
inflatable member 28 is an almost circular cylinder 

45 with an almost equal diameter so that a structure 
portion in a blood vessel can easily be expanded 
and the inflatable member 28 is foldable. The 
above almost circular cylindrical part may not be a 
completely circular cylinder and may be a poly- 

50 gonal cylinder. The rear end portion of the inflat- 
able member 28 is liquid-tightly fixed to the distal 
portion of the body portion 24 by adhesive bonding 
or thermal fusion. The tip portion of the inflatable 
member 28 is similarly liquid-tightly fixed to the 

55 distal portion of the guide portion 2&. 

The inflatable member 28 forms an inflation 
space between its inner surface and the outer 
surface of the body portion 24. The inflation space 
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communicates with the lumen 26 through the per- 
foration 30 of the body portion 24. The inflatable 
member 28 is preferably formed of a somewhat 
flexible material and for the material, for example, 
thermoplastic resins including polyolefin such as 
polyethylene, polypropylene, and ethylene-pro- 
pylene copolymer, polyvinyl chloride, polyester, 
ethylene-vinyl acetate copolymer, cross-linked 
ethylene-vinyl acetate copolymer, polyamide 
elastomer and polyurethane, silicone rubber and 
latex rubber can be used. The above thermoplastic 
resins are preferred and cross-linked ethylene-vinyl 
acetate copolymer is more preferred. 

The front and the back parts of the inflatable 
member 28 between its cylindrical part and its 
fixed tip portion and rear end portion are tapered. 
The inflatable member 28 during its Inflation prefer- 
ably has an outer diameter of the cylindrical part of 
1.20 ~ 35.00 mm, more preferably 1.50 " 30.00 
mm, a length of the cylindrical part of 10.00 ~ 
80.00 mm. more preferably 15.00 ~ 75.00 mm and 
a total length of 15.00 m 120.00 mm, more prefer- 
ably 20.00 ~ 100.00 mm. 

The hub is similarly shown in Fig.10 fixed to a 
proximal end of the body portion 24. The hub has 
an opening communicating with the lumen 26 and 
constituting an injection post for injecting a fluid for 
expansion of inflatable member 28. 

Next, an embodiment wherein the catheter of 
the present invention is applied to a catheter for 
dilating a blood vessel shown in Fig.6 will be de- 
scribed. 

The catheter 40 comprises a body portion 44 
which forms an internal lumen 46 and includes a 
super-elastic metallic tube having perforation 50 in 
its distal portion; a guide portion 49 for guiding the 
catheter which is attached to the distal tip of the 
body portion 44; and a deflatable or foldabie and 
inflatable member 48 which has a tip portion at- 
tached to the distal portion of the body portion 44 
and a rear end portion attached to the body portion 
44 at a position apart from the perforation 50 
toward the proximal end and communicates with 
the lumen 46 through the perforation 50; and a hub 
(not shown) fixed to the proximal end of the body 
portion 44. 

The catheter 40 of this embodiment is different 
from the catheter 20 of the above embodiment 
shown in Fig.5 in the position at which the tip 
portion of the inflatable member 48 is fixed and in 
the shape of the body portion 44. It is the same as 
the catheter shown in Fig.5 and mentioned above 
in all points other than the above points. 

The body portion 44 of the catheter 40 has an 
almost equal thickness over its entire length and 
the distal portion of the body portion 44 is not 
tapered. The rear end portion of the inflatable 
member 48 is attached to the body portion 44 at a 


position apart from the perforation 50 toward the 
proximal end. The tip portion of the inflatable mem- 
ber 48 is attached to the distal portion of the body 
portion 44. The tip portion of the inflatable member 

5 48 completely covers the distal portion of the body 
portion 44 and extends to the guide portion 49. 
This enables the distal tip of the body portion 44 to 
be prevented from being exposed and minimizes 
the damage to the inner wall of a blood vessel 

io during insertion of the catheter into the blood ves- 
sel. 

The hub is similarly shown in Fig.10 fixed to a 
proximal end of the body portion 44. The hub has 
an opening communicating with the lumen 46 and 

75 constituting an injection port for injecting a fluid for 
expansion of inflatable member 48. 

Next, an embodiment wherein the catheter of 
the present invention is applied to a catheter for 
dilating a blood vessel shown in Fig.7 and Fig.9 will 

20 be described. 

The catheter 60 comprises an inner tube 61 
having a body portion 64a, a proximal end portion 
64b and a first lumen 66 whose tip is open; an 
outer tube 63 which is disposed coaxially with the 

25 inner tube 61 , has a body portion 64a and a distal 
portion 64a, has a distal tip recessed by a pre- 
determined distance from the distal tip of the inner 
tube 61 and forms a second lumen 67 between it 
and the outer surface of the inner tube 61; a 

30 deflatable or foldabie and inflatable member 68 
which has a tip portion attached to the inner tube 
61 and a rear end portion attached to the outer 
tube 63 and communicates with the second lumen 
67 near the rear end portion, a first opening 72 

35 shown in Fig.9 disposed at the proximal end por- 
tion of the inner tube and communicating with the 
first lumen 66; and a second opening 71 shown in 
Fig.9 disposed at the proximal end portion of the 
outer tube 63 and communicating with the second 

40 lumen 67. At least one of the inner tube 61 and the 
outer tube 63 includes a super-elastic metallic 
tube. 

The catheter 60 consists of the inner tube 61, 
the outer tube 63, the inflatable member 68 and a 

45 branched hub 70. 

The body portion 64a of the outer tube 63 has 
a super-elastic metallic tube 62. The outer tube 63 
covers the outer surface of the super-elastic metal- 
lic tube 62 and protrudes from its distal end to 

so form a distal portion 64b. The super-elastic metallic 
tube 62 may extend to the distal end of the outer 
tube 63. The super-elastic metallic tube 62 is pref- 
erably formed of a super-elastic alloys such as a 
Ti-Ni alloys containing 49 " 58 atom% of Ni, Cu-Zn 

55 alloys containing 38.5 ~ 41.5 % by weight of Zn, 
Cu-Zn-X alloys containing 1 " 10 % by weight of X 
wherein X is selected from the group consisting of 
Be, Si, Sn, Al and Ga, or Ni-AI alloys containing 36 
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" 38 atom% of Al. The most preferred alloys are 
Ti-Ni alloys of the above composition. The super- 
elastic metallic tube 62 preferably has an outer 
diameter of 0.6 " 2.0 mm, more preferably 0.8 ~ 
1.6 mm and a wall thickness of 40 " 200 /zm, more 
preferably 50 " 150 /zm. It preferably has a length 
of 300 " 4,000 mm, more preferably 800 ~ 3,000 
mm a buckling strength (yield stress under load) of 
5 ~ 200 kg/mm 2 at 22° C , more preferably 8 " 150 
kg/mm 2 at 22 °C , and a restoring stress (yield 
stress upon unloading) of 3 " 180 kg/mm 2 at 22* C 
, more preferably 5 " 130 kg/mm 2 at 22° C . The 
outer tube 63 preferably has an outer diameter of 
0.60 ~ 2.00 mm, more preferably 0.80 " 1.60 mm 
and an inner diameter of 0.50 ~ 1.90 mm prefer- 
ably 0.60 " 1 .40 mm. The difference between the 
outer diameter of the inner tube 61 and the inner 
diameter of the outer tube 63 preferably is 0.05 " 
0.20 mm, more preferably 0.1 " 1.20 mm and the 
wall thickness of the outer tube 63 is 0.05 ~ 0.75 
mm, more preferably 0.1 ~ 0.3mm. 

The outer tube 63 is preferably formed of a 
somewhat flexible material and for the material, for 
example, thermoplastic resins such as polyolefin 
(e.g., poly ethylene, polypropylene, ethylene-pro- 
pylene copolymer), polyvinyl chloride, polyester, 
ethylene-vinyl acetate copolymer, polyamide 
elastomer and polyurethane and silicone rubber 
can be used. The above thermoplastic resins are 
preferred and polyolefins are more preferred. 

The outer surface of the outer tube 63 may be 
coated with a biocompatible especially antithrom- 
botic resin such as polyhydroxyethyl methacrylate 
or hydroxyethyl methacrylate-styrene copolymer 
(e.g., a HEMA-St-HEMA block copolymer). 

The inner tube 61 is located inside the outer 
tube 63 and the distal portion of the inner tube 61 
protrudes from the outer tube 63. The inner tube 
62 preferably has an outer diameter of 0.40 " 1 .60 
mm, more preferably 0.50 " 1.30 mm and an inner 
diameter of 0.25 " 1.50 mm, more preferably 0.30 
~ 1.10 mm. 

The inner tube 61 is preferably formed of a 
somewhat flexible material and for the material, for 
example, thermoplastic resins such as polyolefins 
(e.g., polyethylene, polypropylene, ethylene-pro- 
pylene copolymer), polyvinyl chloride, polyester, 
ethylene-vinyl acetate copolymer, polyamide 
elastomer and polyurethane can be used. The 
above thermoplastic resins are preferred and 
polyolefins are more preferred. 

The second lumen 67 is formed by the outer 
surface of the inner tube 61 and the inner surface 
of the outer tube 63. Therefore, the second lumen 
67 has a sufficient volume. The tip of the second 
lumen 67 communicates with the internal space of 
the inflatable member 68 and the proximal end of 
the second lumen 67 communicates with the sec- 


ond opening 71 shown in Fig.9 which forms an 
injection port for injecting a fluid (e.g., a contrast 
medium for angiography) for dilating the inflatable 
member 68. The second opening 71 is formed in 

5 the branched hub 70 shown in Fig.9. 

A super-elastic metallic tube may not be dis- 
posed on the outer tube 63 as in the catheter 
shown in Fig.7 and, as s 8, the inner tube 61 may 
be provided with the super-elastic metallic tube 62. 

10 In such a case, the super-elastic metallic tube 62 
may be disposed on the outer surface of the inner 
tube. 

The inflatable member 68 is debatable or fol- 
dable and can be folded around the inner tube 61 . 

75 At least a part of the inflatable member 68 is an 
almost circular cylinder having an almost equal 
diameter so that a stenosis portion in a blood 
vessel can easily be dilated and the inflatable 
member 68 is foldable. The above almost circular 

20 cylindrical part may not be a completely circular 
cylinder and may be a polygonal cylinder. The rear 
end portion of the inflatable member 68 is liquid- 
tightly fixed to the distal portion of the outer tube 
63 by adhesive bonding or thermal fusion and the 

25 tip portion of the inflatable member 68 is similarly 
liquid-tightly fixed to the distal portion of the inner 
tube 61. The inflatable member 68 forms an inflat- 
able space between its inner surface and the outer 
surface of the inner tube 61 . The rear end portion 

30 of the expansion space communicates with the 
second lumen 67 over the entire circumference. 
Therefore, since the second lumen 67 has a rela- 
tively large volume, the fluid for inflation can easily 
be injected into the inflatable member 68 through 

35 the second lumen. 

The inflatable member 68 is preferably formed 
of a somewhat flexible material and for the ma- 
terial, for example, thermoplastic resins such as 
polyolefins (e.g., polyethylene, polypropylene, 

40 ethylene-propylene copolymer, ethylene-vinyl ace- 
tate copolymer, cross-linked ethlene-vinyl acetate 
copolymer), polyvinyl chloride, polyester, 
polyamide elastomer and polyurethane, silicone 
rubber and latex rubber can be used. The above 

45 thermoplastic resins are preferred and cross-linked 
ethylene-vinyl acetate copolymer are more pre- 
ferred. The inflatable member 68 during its inflation 
preferably has an outer diameter of the cylindrical 
part of 1.20 ~ 35.00 mm, more preferably 1.50 " 

50 30.00 mm, a length of the cylindrical part of 10.00 
~ 80.00 mm, more preferably 15.00 ~ 75.00 mm 
and a total length of 15.00 ~ 120.00 mm, more 
preferably 20.00 " 100.00 mm. 

Furthermore, in the catheter equipped with the 

55 inflatable member according to the present inven- 
tion, it is preferred for facilitating the insertion into a 
blood vessel and further into a guide catheter to be 
mentioned later to apply hydrophilic treatment to 
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areas having the possibility of contacting with blood 
during use, that is to say, the outer surface of the 
outer tube 63 and the outer surface of the inflatable 
member 68 so as to make them exhibit lubricity 
when contacted with blood or the like. Such hydro- 5 
philic treatments include coating with a hydrophilic 
polymer such as poly(2-hydroxyethylmethacrylate), 
polyhydroxyethyl acrylate, hydroxypropyl cellulose, 
methylvinyl ether-maieic anhydride copolymer, 
polyethylene glycol, polyacrylamide or polyvinyl w 
pyrrolidone. 

The branched hub 70 consists of an inner tube 
hub 73 which has the first opening 72 communicat- 
ing with the first lumen 66 and constituting a guide 
wire port and is fixed to the inner tube 61 and an rs 
outer tube hub 74 which has the second opening 
71 communicating with the second lumen and con- 
stituting an injection port for an inflating fluid and is 
fixed to the outer tube 63. The inner tube hub 73 
and the outer tube hub 74 are fixed together. 20 

The branched hub 70 is preferably formed of a 
thermoplastic resin such as polycarbonate, 
polyamide, polysulfone, polyallylate or 
methacryiate-butylene-styrene copolymer. Instead 
of providing such a branched hub 70, for example, 25 
a tube having a port member forming an opening 
at the proximal end may be liquid-tightly attached 
to each of the first and the second lumens. 

Since the catheter of the present invention 
comprises a body portion, a leading edge and an 30 
internal lumen and at least the above body portion 
includes a super-elastic metallic tube, the catheter 
of the present invention has a high efficiency of 
transmitting the pushing force given at its proximal 
end (pushuability) and has a high torque transmis- 35 
sion efficiency. Furthermore, since the body portion 
of the catheter includes a super-elastic metallic 
tube, the wall thickness of the body portion can be 
made sufficiently thin and a catheter with a smaller 
diameter can be formed. *o 

Since the catheter of the present invention is a 
catheter equipped with an inflating member which 
comprises a body portion forming an internal 
lumen and including a super-elastic metallic tube 
having openings in its distal portion; a guide por- 45 
tion for guiding the catheter which is attached to 
the distal tip of said body portion; and a debatable 
or foldable inflating member which has a tip portion 
attached to the above guide portion or the distal 
portion of the body portion and a rear end portion 50 
attached to the body portion and communicates 
with the lumen through the openings. The catheter 
of the present invention has a high efficiency of 
transmitting the pushing force given at its proximal 
end (pushability) and a high torque transmission 55 
efficiency. Furthermore, since the body portion of 
the catheter includes a super-elastic metallic tube, 
the wall thickness of the body portion can be made 


sufficiently thin and a catheter with a smaller diam- 
eter can be formed. 

Since the catheter of the present invention 
comprises an inner tube having a body portion, a 
distal portion and a first lumen whose tip is open; 
an outer tube which is disposed coaxially with said 
inner tube, has a body portion, a distal portion and 
a distal tip recessed by a predetermined distance 
from the distal tip of the inner tube and forms a 
second lumen between it and the outer surface of 
said inner tube; a deflatable or foldable inflating 
member which has a tip portion attached to the 
inner tube and a rear end portion attached to the 
outer tube and communicates with the second 
lumen near said rear end portion; a first opening 
disposed at the proximal end portion of said inner 
tube and communicating with the above first 
lumen; and a second opening disposed at the 
proximal end portion of the above outer tube and 
communicating with the second lumen and at least 
one of the body portions of the inner and outer 
tubes includes a super-elastic metallic tube. The 
catheter has a high efficiency of transmitting the 
pushing force given at its proximal end 
(pushability) and a high torque transmission effi- 
ciency. Furthermore, since the body portion of the 
catheter includes a super-elastic metallic tube, the 
wall thickness of the body portion can be made 
sufficiently thin and a catheter with a small diam- 
eter can be formed. 

Claims 

1. A catheter comprising a body portion, a distal 
portion and an internal lumen, in which at least 
said body portion includes a super-elastic me- 
tallic tube. 

2. A catheter as set forth in claim 1, wherein said 
body portion comprises said super-elastic me- 
tallic tube and a synthetic resin layer covering 
the surface of said super-elastic metallic tube. 

3. A catheter as set forth in claim 1, wherein said 
super-elastic metallic tube extends from a 
proximal end of said body portion to a distal 
portion of said body portion. 

4. A catheter as set forth in claim 3, wherein the 
distal portion of said super-elastic metallic tube 
is more flexible than another portion of said 
super-elastic metallic tube. 

5. A catheter as set forth in claim 1, wherein said 
body portion comprises a super-elastic metallic 
tube and a synthetic resin tube covering the 
surface of said super-elastic metallic tube and 
said synthetic resin tube protrudes from a dis- 
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tal tip of said super-elastic metallic tube to 
form said distal portion of the catheter. 

6. A catheter equipped with an inflatable member 
which comprises a body portion which forms 
an internal lumen and includes a super-elastic 
metallic tube having an opening in a distal 
portion; a guide portion for guiding the catheter 
which is attached to the distal tip of said body 
portion; 

and a deflatable or foldable and inflatable 
member which has a tip portion attached to 
said guide portion or a distal portion of said 
body portion and a proximal portion attached 
to said body portion and communicates with 
said lumen through said opening. 

7. A catheter as set forth in claim 6, wherein said 
guide portion is formed of a super-elastic alloy. 

8. A catheter as set forth in claim 6 , wherein said 
body portion comprises said super-elastic me- 
tallic tube and a synthetic resin layer covering 
the surface of said super-elastic metallic tube. 

9. A catheter which comprises an inner tube hav- 
ing a body portion, a distal portion and a first 
lumen whose tip is open; an outer tube which 
is disposed coaxially with said inner tube, has 
a body portion, a distal portion and a distal tip 
recessed by a predetermined distance from 
the distal tip of said inner tube and forms a 
second lumen between an inner surface of 
said outer tube and an outer surface of said 
inner tube; a deflatable or foldable and inflat- 
able member which has a tip portion attached 
to said inner tube and a rear end portion 
attached to said outer tube and communicates 
with the second lumen near said rear end 
portion; a first opening disposed at a proximal 
portion of said inner tube and communicating 
with said first lumen; 

and a second opening disposed at the proxi- 
mal portion of said outer tube and commu- 
nicating with said second lumen, in which at 
least one of the body portions of said inner 
and outer tubes includes a super-elastic metal- 
lic tube. 

10. A catheter as set forth in claim 9, wherein said 
outer tube comprises a super-elastic metallic 
tube and a synthetic resin layer covering the 
surface of said super-elastic metallic tube. 

11. A catheter as set forth in claim 9, wherein said 
outer tube comprises a super-elastic metallic 
tube and a synthetic resin tube covering the 
surface of said super-elastic metallic tube and 


said synthetic resin tube protrudes from a dis- 
tal portion of said super-elastic metallic tube to 
form said distal portion of the outer tube. 

s 12. A catheter as set forth in claim 9, wherein said 
inner tube comprises a super-elastic metallic 
tube and a synthetic resin tube covering the 
surface of said super-elastic metallic tube or 
fixed to an inner surface of said super-elastic 

10 metallic tube and said synthetic resin tube 
protrudes from a distal portion of said super- 
elastic metallic tube to form the distal portion 
of the inner tube. 
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